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PREFACE 



The automobile is our country's leading manufactured product. It 
is a complex, precise machine using principles from the whole range of 
physics and chemistry. 

The large numbers of young men who are trained to work at the 
service and repair of automobiles need to have an unde jJ standing of 
these principles. This book sets them forth briefly, with examples 
and applications from the auto field. The treatment is kept at a simple 
level of mathematics. 

Many of the findings of science cannot be correctly explained in 
a simple way. For example, the picture of the atom like a sun with 
planetary electrons whirling around it in circular orbits is inadequate 
even for today's high school chemistry courses. Yet it does illustrate 
some important facts very simply, and will continue in wide use even 
though the picture it gives is not strictly true. Compromises of this 
kind have been necessary at various points in this book, in order 
to offer the student a simple concept with which he could work. 



Robert Worthing 
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UNIT I. 



INTRODUCTION TO PHYSICAL SCIENCE 



1. WHAT IS THE COURSE ABOUT ? 

Some men learn to become auto mechanics by working on cars. This 
is one of the best ways, especially if the man who is showing you how, 
knows his business. This is the method used in your shop class. 

If you lived in a country with just one make of car, and it never 
changed, this system might be quite good. But with doze. is of makes 
and new models coming out every year, the changes come faster than one 
can keep up with by simply working on the cars. Even one model has 
so many parts and features you couldn't learn about it quickly enough 
by experience. So you learn systematically about the various kinds 
of parts — carburetors, generators, valves, etc. — and how they work, in 
your related science class . This knowledge can then be applied to any 
make or model. 

The part of your related science that you are now going into takes 
up the basic "whys" of cars such as: 

What makes an engine "knock"? 

How does a generator work? 

What is the difference between a lacquer solvent and a thinner? 

You may know some of the answers to these questions. The point of 
the course is to give you a basic knowledge that will have the answers, 
not only to today's questions, but to some that will only be asked 
10 or 20 years from now. 
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2. METHOD OF SCIENCE 



It is part of human nature to try to understand things. For several 
thousand years some men have studied things around them systematically to 
try to find out the rules or laws that they followed. 



Newton, for example is supposed to 
have seen an apple fall, and to have 
wondered how its speed change as it 
fell. But he was not satisfied to look 
and wonder. 

He studied the problem and developed 
a theory. 

He did experiments, measuring the 
time, speed, and distance of falling 
objects. He also collected data about 
moving objects of all kinds, including 
the moon and planets to check his theory. 

When he found it to be correct in 
all situations, he stated it as a 
scientific law , which he expected would 
describe how the speed of objects changes 
as they speed up or slow down. 




Fig. 1-1 



Although Newton never saw an automobile, his law tells us the distance 
needed to stop cars traveling at various speeds. We see that, once a 
scientific principle is worked out, it can be used for many things. Most 
of the parts of a car — engine, fuel system, tires, brakes, etc. — work on 
principles that were known before the first automobile was built. If you 
know them you will understand why the parts of a car work as they do. 



These principles of systematic knowledge form what we call science . 
The part of science dealing with nonliving things is called physical 
science . Automobiles are built and operate according to the laws of 
physical science. 
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3. MEASUREMENT 



The automechanic does not always know it, but everything he does is con- 
trolled by numbers: parts are made to exact size; pistons are matched in 

weight; ignition is timed to thousandths of a second. At every point, 
correct operation demands exact measurement. 

You know that 12 inches make a foot, 3 feet make a yard, 1760 yards (5280 ft.) 
make a mile, and so forth. You also have heard that there is a different 
system of measuring things--the metric system. Here 10 millimeters make a 
centimeter, 10 centimeters make a decimeter, 10 decimeters (or 100 centimeters) 
make a meter, and so forth. 



The system we use is compared with the metric system in a few sample 
Instances in the illustrations below. 





Fig. 1-2 Fig. 1-3 




The weight of a kilogram mass is 
more than twice that of the avoirdupois 
pound. 

Fig. 1-4 




Comparison of one cubic centime* The liter is slightly larger than the 

ter and one cubic inch. U.S. liquid quart. 



Fig. 1-5 
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InchM 
Ctntimtltrs 



1 inch = 2.54ccntimtttrt 
1 ctntimcttr = 0.394 inch 



iiiiliiiilmiliiiiliiiiliiiiliiiiliiitliiiiliiiili!iiliiiiliiiiliiiiliiiiliii iliiiiliiiiliiiiliii?l 




1 in,* = 
6.45 cm* 



A comparison of (left) centimeters and inches, and (right) a square centimeter 
and a square inch. 



Fig. 1-6 

You can see that th>^. metric system has a great advantage. For example, you 
can change meters to centimeters just by moving the decimal point. But to 
change feet to inches, you have to multiply by 12. Because of this advantage, 
most countries except the English-speaking ones now use the metric system. The 
United States is not likely to switch over soon, but you will note that the 
common fractions have been replaced by decimals in auto work. 



f 



UNIT 2. MATTER AND ITS PROPERTIES 



1. ATOMS AND MOLECULES 

Why does steel rust? Where does the water come from in the exhaust of a 
car? How does motor oil go bad? These questions are part of cheitiistry, the 

Matter is anything that has weight and takes up space. Fig. 2-1 shows 
some of the different forms of matter that are used in making an automobile. 
Each one used has certain characteristics or properties — steel is strong 
rubber bends, copper carries electricity. 



« 



i 



a 






HOW THE WORLD’S RESOURCES ARE USED 
IN A MODERN AUTOMOBILE 



WINDOWS 
(Saf^ <M«m) 



ACCESSORIES STEERING WHEEL 

(Nkli«l, Chramium, Vanadium, (Plaitict) 



BODY 

(Staal, Slaal aHayt) 



GASKETS 

(Carle) . lATTniY 

V^jdaad |dala«,RuMar) 
IGNITION SYSTEM 
(Capiiar) 



RAINTS 

(Tung ail, Lard, 
Turgantina, Ratio! 




FUEL 

(Patra l aum) 



BUMRERS 
(Nkkal, Chramium, 
Slaal) 



RADIATOR 
( C a i niar, Zinc) 



INSUUTION WIRES 
(Cation, Baatwax, 



GEARS 

(Slaal, Slaal allays)^ 

CARBURETOR 

Oaa* Zinc, Aniimany, URHOISTERY 

Tin, Caiigar) (c^. waal, Siwrl, 

TIRES JularNylon, Rayan, 

(Natural and tynlhalic L aat i rar , RlaHict) 

rubirar, Taxiilat) 



Fig. 2-1 

^£2^- The properties of matter are due to the nature of the tiny atoms of 
which all matter is made. To understand matter we must study atoms. 

Nucleus . Every atom has, in the middle, a tiny nucleus. See Fig. 2-2 ^The 
plural form of the word "nucleus" is "nucleii".) The nucleus is very small com- 
pared to the whole atom, but it has most of the weight. About half of the weight 
of the nucleus is due to its protons , tiny particles which carry a positive (+) 
electrical charge and are quite heavy for their size. 
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Artbt’s Concept of an Oxygen Atom • The nucleus is very small as compared with the di- 
ameter of the atom. If the atom were expanded until the diameter of the outer electron shell equalled the 
distance between New York and San Francisco, the nucleus would be about the size of a city block 



Fig. 2-2 



The number of the protons in a nucleus is called the atomic number . 

The charge on every proton is the same. So if an atom has an atomic number 
of one, its nucleus must have a charge of one. With an atomic number of two, 
it has a 2+ charge. The highest charge on any nucleus found in nature is 92+ . 

In a little while you will see how important the atomic number is. 

All atoms (except those of hydrogen) also have in the nucleus neutrons, 
particles which have no electrical charge and are about as heavy as protons. 

Elements . Atoms which have the same number behave the same in most respects. 
Thus, if all the atoms in the universe could be sorted out, there would be only 
about 92 different kinds. (A few more have been made in nuclear reactors, but 
they are unstable and come apart into simpler ones in a while.) 
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7.'hese different kinds of atoms makeup 
the simple elements * Normally atoms do 
not change; an element cannot change In- 
to a different element except by a rare 
nuclear reaction . 

So you see there are less than 100 
basic kinds of matter in nature; however, 
most materials are combinations of 
several elements, as we shall see. A 
list of the elements is given in Table 1. 

Electrons . Besides protons and neu- 
trons, atoms contain electrons , tiny, 
light-weight particles having a negative 
(-) electric charge. The number of 
electrons in an atom is the same as the 
number of protons in the nucleus. Each 
electron has the same amount of charge as 
a proton, but is opposite in type. Since 
opposite charges attract one another, an 
atom tends to be electrically neutral by 
having the same number of electrons as it 
has protons. That is, the negative 
charge of the electrons neutralizes the 
positive charge of the nucleus. 

From a great many scientific experi- 
ments, it seems that the tiny electrons 
in an atom arrange themselves around the 
nucleus, as close as they can, moving 
along certain paths. No artist's picture 
of electrons can be correct, but they 
do give you some idea of their motion. 




The hydrogen atom, with one proton in 



THE ELEMENTS 

(Arranged in order of atomic numbers) 



Eliusni 


Syubol 




Atouic 

Nuubek 


Eliuini 


Symbol 


Hydrogen .... 


H 




50 


Tin 


Sn 


Helium 


He 




51 


Antimony .... 


Sb 


Lithium 


Li 




52 


Tellurium ^ ^ ^ 


Te 


Beryllium .... 


Be 




53 


Iodine 


I 


Boron 


B 




54 


Xenon 


Xe 


Carbon 


C 




55 


Cesium 


Cs 


Nitrogen 


N 




56 


Barium 


Ba 


Oxygen 


0 




57 


Lanthanum ... 


La 


Fluorine 


F 




58 


Cerium 


Ce 


Neon 


Ne 




59 


Praseodymium, 


Pr 


Sodium 


Na 




60 


Neodymium .. 


Nd 


Magnesium ... 


Mg 




61 


Promethium 


Pm 


Aluminum .... 


A1 




62 


Samarium .... 


Sm 


Silicon 


Si 




63 


Europium . . . . 


Eu 


Phosphorus ... 


P 




64 


Gadolinium ... 


Gd 


Sulfur 


S 




65 


Terbium ...... 


Tb 


Chlorine 


Cl 




66 


Dysprosium . . . 


Dy 


Argon 


A 




67 


Holmlum . . . . . 


Ho 


Potassium .... 


K 




68 


Erbium 


Er 


Calcium 


Ca 




69 


Thulium 


Tm 


Scandium 


Sc 




70 


Ytterbium . . . 


Yb 


Titanium 


Ti 




71 


Lutetium . . . . 


Lu 


Vanadium .... 


V 




72 


Hafnium 


Hf 


Chromium .... 


Cr 




73 


Tantalum 


Ta 


Manganese . . . 


Mn 




74 


Wolfram . . . 


W 


Iron 


Fe 




75 


Rhenium .... 


Re 


Cobalt 


Co 




76 


Osmium 


Os 


Nickel 


Ni 




77 


Iridium 


Ir 


Copper 


Cu 




78 


Platinum 


Pt 


Zinc 


Zn 




79 


Gold ...... 


All 


Gallium 


Ga 




80 


Mercury ,,,,,, 


Hg 


Germanium ... 


Ge 




81 


Thallium 


Tl 


Arsenic 


As 




82 


Lead 


Pb 


Selenium 


Se 




83 


Bismuth ...... 


Bi 


Bromine 


Br 




84 


Polonium 


Po 


Krypton 


Kr 




85 


Astatine 


At 


Rubidium 


Rb 




86 


Radon 


Rn 


Strontium .... 


Sr 




87 


Francium . . 


Fr 


Yttrium 


Y 




88 


Radium 


Ra 


Zirconium .... 


Zr 




89 


Actinium 


Ac 


Niobium .... 


Nb 




90 


Thorium 


Th 


Molybdenum . . 


Mo 




91 


Protactinium 


Pa 


Technetium . . . 


Tc 




92 


Uranium 


U 


Ruthenium . . . 


Ru 




93 


Neptunium ... 


Np 


Rhodium 


Rh 




94 


Plutonium .... 


Pu 


Palladium .... 


Pd 




95 


Americium . . . 


Am 


Silver 


Ag 




96 


Curium 


Cm 


Cadmium 


Cd 




97 


Berkelium . . . 


Bk 


Indium 


In 




98 


Californium . 


C£ 



Table 1 



nucleus, has one electron. 



S S 

8 p 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

the 
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The helium atom has two electrons. 
Their orbits are equal but different. 




A Helium Atom 
Fig. 2-4 



A lithium atom has two electrons 
close to the nucleus. A third 
electron is in a more distant orbit. 



Fig. 2-5 

From experiments in which electrons are taken out of atoms (by high-voltage 
sparks) and allowed to fall back in, it has been found that the electrons arrange 
themselves around the nucleus in a series of energy levels , usually called shells . 
Each shell has room for an exact number of electrons. The first, or K shell, 
has room for just two electrons; the second, or L shell, holds eight, etc. The 
inner shells tend to fill up before the outer ones, as shown in Fig. 2-6. 

Molecules . Most kinds of atoms tend to join together with others. Of the 
ones shown in Fig. 2-6, only helium, neon and argon atoms are found by them- 
selves. The electron shells in these atoms are complete . 

Atoms with incomplete electron shells tend to join with other atoms so that 
in the end every electron will be part of a complete shell . 
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HyJngMi 

A.N.1 



HtliiUi 

A.N.2 







Utkimi 

A.N.3 



lifylliuM 

A.N.4 



Boroa 

A.N.S 



Cwboa 

A.N.C 







NitvofM Oxygen 

A.N.7 A.N.$ 



Fhiofinc 

A.N.9 



Neon 

A.N.10 





Magaeriua 

A.N.12 





Cklocioc Aigon 

A.N.17 A.N. 1« 



SlmpIlleJ Refpnwntntlon of Several Atone • In the inner circle the noclear compoeition 
is ghrm in temis of protons (p) and neotrons (n). The first circle outside the nncleos represents the K 
shell, the second one the L shell, and the third one the M shell. 



Fig. 2-6 



Schematic diagrams of a few common molecules. First Row. Helium, neon, hydrogen, nitrogen, 
oxygen, carbon monoxide, hydrochloric acid. Second Row. Ozone, carbon dioxide, water, hydrocyanic 
acid. Third Row. Methane, acetylene, benzine, methyl alcohol, ethyl alcohol. 





I O O O 






CHj 



N N 




O O 

— “'v ■ 

k 

diatomic 







trialomic 





Atoms can join together in several ways. The first is by sharing electrons. 



Two hydrogen atoms share their two electrons to form a complete K shell 
which holds both nuclell. The result is a molecule of hydrogen gas. 

A molecule is a group of atoms joined together. Fig. 2-7 shows diagrams of 
several common types of molecules. 

The molecule of hydrogen can be described by the simple formula H2. H is the 
symbol for hydrogen. (Table 1 gives the symbols or abbreviations that stand for 
the various elements.) The little subscript 2 after and below the H shows that 
two atoms of hydrogen make up the molecule. 

Two atoms of hydrogen and one of oxygen join to form a molecule *of water, 

H20. This joining up of different atoms is called a chemical reaction . Fig. 2-8 
Is an artistes idea of the reaction between hydrogen and oxygen. 

The oxygen's outer shell, with its six electrons. Is the part of the atom 
that reacts with the hydrogen atom. It lacks two electrons to make a complete 
L shell of 8, so it shares two with two hydrogen atoms. Electrons In the outer. 
Incomplete shell of an atom are called valence electrons . 

Compounds . Water, because it Is made from different elements joined to- 
gether, Is called a compound . Wherever it Is found, water is made up of exactly 
two times as many atoms of hydrogen as of oxygen. 

The chemical bond which comes from sharing electrons is quite strong. 

Seeing that only the electrons In the Incomplete outer shell of an atom are 
Involved in chemical reactions, it is sometimes enough to show just the symbol 
and the proper number of valence electrons, like this: |^. 

LI* Be* *B* *C* 

• N: *6: :F: :Ne: 

• • • • ■ 




In the water molecules which result from the reaction of hydrogen and 
oxygen, the oxygen atom shares an outer shell electron with each of two hydrogen 
atoms, while each of the hydrogen atoms shares its single electron wiA the oxygen 
atom. This is an example of covalent bonding. 

Fig. 2-8 
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Now we can show the reaction between hydrogen and 
oxygen this way: 



:0: + 2H- 



H:0: 

•• 

H 



The element carbon forms more compounds than any 
other. Here are a few different ones: 

Methane, the natural gas used as a fuel: 

Carbon tetrachloride, a dry cleaning solvent: 

Ethane, also found in natural gas. Notice the bond 
forming a "chain” between the two carbon atoms: 



H 




H:C:H 


• • 


• • 
H 


:C1: 

•• •• •• 




: Cl : C: Cl 


K H 




H:C:C:H 
• • •• 


• • 


H H 





These compounds 
are called organic 
some way. 



, in which carbon is joined to elements other than oxygen, 
compounds. Most of them come from animals or plants in 



■ Carbon dioxide (CO 2 ) is the gas that is used in some fire 

xtinguishers . It is made by burning wood, coal, or other organic fuels, 
and collecting the gas that is formed. ;0::C**6* 

Since oxygen atoms use two electrons to complete their outer shells, 
they become a little more negative than the carbon atoms. The molecule then 
has ends, or jpoles, which are electrically different. We call the bonds 
in this kind of molecule polar . 



^ny kinds of molecules are not polar, but have a uniform electrical 
field around them. The H 2 molecule, for instance, has two atoms that are 
the same. Neither has more attraction for electrons than the other. 

In ethane, likewise, the two carbon atoms are the same electrically. 
Bonds between identical atoms are usually nonpolar . Bonds between carbon 
and hydrogen are also nonpolar. 

Ions. Extremely polar bonds are found in compounds between atoms that 
need to borrow just one electron to complete a shell and those that can 
lend just one. In fact, the lender atom may let go of the electron com- 

^ ^^8* 2—9 shows the reaction of sodium and chlorine atoms into 

table salt, or sodium chloride. 

The sodium chloride is a compound quite different from the other com- 
pounds we have looked at so far. Each sodium atom is the same distance from 

six chlorine atoms; no molecules made of just one sodium and one chlorine 
atom can be found. 

The sodium atom, having lent away completely the one electron in its 
M shell, now has 11 protons and 10 electrons. Having one more proton than 

electrons, it is a charged atom, which we call an ion . The sodium ion is 
written Na***, 

The chlorine atom now has 17 protons and 18 electrons. It is also 
an ion. Cl . 
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O 






Chlorine moleculce 



Sodium 



Sodium chloride 



When sodium reacts with chlorine to form common salt, an electron is trans- 
ferred from the outer shell of each sodium atom to the outer shell of each chlorine 
atom. The particles composing the salt are sodium ions and chloride ions. 



Fig. 2-9 



When ionic compounds such as salt dissolve in water, the ions separate. 
If electricity is applied to the solution, each ion moves toward the 
electrode having a charge opposite its own. This makes a solution such as 
salt water a good conductor of electricity. 



Chemical Reactions . We have seen that there are, in nature, about 92 
different kinds of atoms, making up the elements; that they combine with 
one another to form molecules by £ihlftlng electrons; that, when different 
elements combine, compounds are formed; and that compounds have different 
kinds of bonds or electron structures that hold them together. 



Any change in bonds between atoms is a chemical reaction. If we use 
marks of various shapes to stand fcr different kinds of atoms, here are 
a few different kinds of reactions: 



Atoms can join together: 

Molecules can join together: 

Molecules can come apart: 

An atom can replace another atom 
in a molecule: 

The atoms in two different molecules 
can swap places. 




Fig. 2-10 
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„U 4 -Ir 4 ":^ — ^ chemical reaction can be given exactly by an equation, 
which is made up of the correct formulas- for the compounds and elements 
that react. The ratio in which- the* molecules react is shown by numbers 

in front of the formulas. Equations like the following tell about 
important reactions: 



Corrosion of metals is usually a combining with oxygen. 
Iron and oxygen give iron oxide (rust) 






4 Fe + 3 O 2 — ► 2 Fe^O^ 

Fuels burn. 

Methane and oxygen give carbon dioxide and water 

2 0^ ► CO 2 + 2 H O 

At high temperature carbon monoxide (CO) forms: 



2 CH^ + 




2 CO + 



4 H 2 O 



^ids contain hydrogen, which can be replaced in a chemical 
by some metals: 



reaction 



Iron and sulfuric acid 

Fe + H«S0, 

^ 4 



give hydrogen and 







iron sulfate 

FeSO, 

4 



r 
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2. HYDROCARBONS 



Because of their Importance to the 
automotive industry, we should take 
some time to consider the group of com- 
pounds known as hydrocarbons . They 
consist of carbon and hydrogen. 

The main source of hydrocarbons is 
petroleum, or crude oil, which is taken 
from the ground in many parts of the 
world. Petroleum is separated into 
various products by distillation, as 
shown in Fig. 2-11. 

Thousands of different hydrocarbons 
are present in each petroleum deposit. 
The simplest is methane , which is the 
main constituent of natural gas. 

Natural gas is usually, but not always, 
found together with deposits of crude 
oil. Each molecule of methane has one 
carbon atom and four hydrogen atoms. 

As we already know, we write the 
formula CH^. This can be written also 
with a pair of dots between the atoms 
to show a bond, as we did before, or 
with a line, like this; 

H 

Because methane has a I 

boiling point of -256°F., it H— C— H 
is a gas at ordinary tempera- X 

ture and pressure. ^ 



Carbon atoms can hook up to other 
carbon atoms, forming a sort of skele- 
ton for chain and ring compounds; 



I I I I I I 

-C—C—C—C—C--C- 

I I I I I I 



I I I I I 
c— c—c— c— c- 



— c— 
I 
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Fig. 2-11 




EXPERIMENT 1. ELEMENTS. COMPOUNDS. MD MIXTURES 



Matter of any kind is made of one or more simple substances called ele- 
^ulfur about 100 of these, such as iron, copper, oxygen, and 

Elements can exist by themselves, pure. The copper in wire, for 
example, is so pure that it may have less than 0.1% of other elements 
in It. The sulfur you will use in this experiment will be even purer. 

^ Most materials are not just one pure element. They may be mixtures 
of elements. In a mixture several materials are held together loosely 
and can be taken apart by gentle methods. 

Elements are more often joined together in compounds . Here they 
are held together by strong electron bonds between the atoms. Only 
strong methods— 'electrical, chemical, or great heat— *can take compounds 

dpHlTu 9 



When compounds are made or taken apart, this is a chemical change . 

The simple changes of form that can be used to take mixtures apart 
are physical changes . 



In this experiment you will see how mixtures differ from compounds. 

One thing to keep in mind is that we have air all around us all 

the time. When things burn, this is usually a combining with oxygen 
in the air. 



^TERIALS ; iron filings, sulfur flowers, magnesium ribbon, dilute 
hydrochloric acid, 2 semimicro test tubes, forceps, magnet. 

PROCEDURE: 



1. Examine a piece of magnesium ribbon. Pull or bend it-is it strong? 
Scrape it — is it shiny? 

2. Holding the ribbon with a pair of forceps, put one end in a hot 
flame until it begins to burn. When it finishes, what is left? Is it 
like the magnesium ribbon you started with? 

3. (Windows should be open for this part) . Examine some powdered 
sulfur (flowers). Feel it. Smell it. 



r 



5. Add four more drops of acid to each tube and shake. Again record 
the results after two minutes. 

6. Add ten more drops to each tube, shake, and note the results after 
two minutes. 

7. Put the tubes Into the beaker of hot water. After five minutes 
record which metals are reacting. 

8. Empty the tubes. Rinse them several times with water. Wash off 
the metal samples thoroughly and put them back. Then repeat the same 
series of tests using acetic acid. 

9. Do the same series of tests using sulfuric acid. 

DATA: 





Iron 




Copper 


Aluminum 


Stainless 

Steel 


Water 












+ 1 dr. HCl 












+ 5 dr. HCl 












+ 15 dr. HCl 












Above, heated 













CONCLUSIONS : 

1. How much Is corrosion rate affected by the kind of acid used. 

2. How Important Is the concentration (strength) of the acid? 

3. Which metals are acid-resistant? 

4. What difference does temperature make? 








EXPERIMENT 3. ACIDS AND BASES 



When a base is added to an acid it neutralizes it, tying up the loose 
hydrogen tightly. In this experiment you will see how this affects the 
reaction of acids with metals, as well as their taste and their effect 
on indicators — chemicals that change color in acid or base. 

MATERIALS t Zinc strips or iron nails; glass rod; dropping bottles of 
dilute (3N) sulfuric, hydrochloric, and acetic acids and sodium hydr- 
oxide; litmus paper; methyl red solution; five semimicro test tubes. 



PRQCEDUREj 

1. Put the test tubes in a rack and fill them half full of water. Add 
20 drops of dilute sulfuric acid to the first four of them. 

2. To one of the test tubes of acid add 5 drops of sodium hydroxide; to 
the next, 10 drops; to the third, 20 drops. 

3. Put a paper towel on the desk and on it put a strip of litmus paper. 
With a glass rod touch a drop of water on the litmus paper. What color 
is it? Take each test tube in turn, stirring with the rod and touching 
the liquid to the litmus paper. A second strip may be used if necessary. 
Record the results of each test. If the tube with 20 drops of base is 
the same as the rest, add base a drop at a time and test repeatedly 
until a new color is seen. 

4. Add a drop of methyl red to each tube and record the color. 



5. Into each tube put a strip of zinc or a small iron nail. Estimate 
the bubble rate after two minutes and write it down (none, slow, moderate, 
fast, etc.) 



6. Rinse the test tubes well. Repeat steps 1-5, using the dilute hydro- 
chloric acid. Record the results. 



7. Rinse the test tubes well. Repeat steps 1-5, using the dilute acetic 
acid. Record the results. 

8. Rinse the tubes again. Fill them one-fourth full of water. In each 
of the first three, put one drop of a different acid. In the fourth, 

a drop of sodium hydroxide. In the fifth, a drop of hydrochloric acid 
and a drop of sodium hydroxide. 



9o With the glass rod stir one tube at a time and taste a drop of the 
liquid. Record the taste of each. 

10 o Add a drop of methyl red to each tube and record the color. 

11. Clean up all the equipment and return it to your instructor. 

DATA; 



Acid 


Sulfuric 


Hydrochloric 


Acetic 


No. of drops acid 


20 


20 


20 


20 






No. of drops base 


0 


5 


10 


20 






Litmus ■ color 














Methvl red - color 














Corrosion rate 

















Taste 


Color with methyl red 


Sulfuric acid 






Hydrochloric acid 






Acetic acid 






Sodium hydroxide 






HCl and 2 NaOH 


L_ 





CONCLUSIONS ; 

lo How can acid corrosion be stopped? 

2. What effect should water taken from a car radiator have on litmus 
paper? 

3o What compound is formed when hydrochloric acid and ^odium hydroxide 
mix? 



EXPERIMENT 4 . CORROS ION 



You know that iron rusts in water, even without acid being needed. 
In this experiment you will study some of the factors in corrosion: 
moisture, chemicals, and contact with other metals, 

MATERIALS : Semimicro (10 x 75 mm) test tubes, small finishing nails, 

pieces of 14 and 18 gauge copper wire, small strips of zinc and 
aluminum; water and dilute (10%) solutions of salt, sulfuric acid and 
sodium hydroxide; test tube rack or small jar; steel wool. 

PROCEDURE : 

1. In your notebook prepare a page to record the experiment. Your 
teacher will divide the work so that you will set up only a part of 
it, but you will record the data for all the different tests. Set 
up a table like this: 



Liquid 


Water 


Salt 

Solution 


1 Sulfuric 

Acid 
Solution 


Sodium 

Hydroxide 


Iron 










Zinc 










Copper 










Aluminum 










Iron + copper 






- 




Zinc + copper 










Aluminum + copper 











2. Clean all the metal samples with steel wool. Make the last three 
kinds by wrapping 18 gauge copper wire around the other metal. Put 
each metal sample in a different test tube and line them up in a rack 
or stand them in a jar. 

3o Whichever liquid is assigned to you, put enough in each of your 
test tubes to cover the lower half of the metal sample. Observe the 
samples over a period of time: some changes can be seen in a minute, 

some in 5 or 15, some only the next day. Look for dissolving, bubbling, 
change in color, or the formation of visible corrosion products, 
which may be colored or almost transparent and jelly-like . Record 
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any such observations and the time they took to appear. Record the 
corrosion effects in your classmates* experiments, too. 

CONCLUSIONS ; 

lo What metals does water affect? 

2o Which metals are affected by salt solutions? 

3. Which metals corrode faster when in contact with a second metal? 

4. Which metal is the best for all-around corrosion resistance? 






! 



There is no limit to the variety of carbon compounds 
that can be made. A skeleton with two carbon atoms gives 
us ethane ; 

Three carbon atoms give propane : 

This same formula can be written a little more simply: 



H H 

I I 

H— C—C— H 

I I 

H H 
H H H 

I I [ 

H— C— C—C— H 

I I I 

H H H 



Propane boils at -44°F., so it ^'an be liquified by pressure. It is sold 
in pressure tanks as a handy fuel. CHb C I L C-Ha 



A fourth hydrocarbon Is butane. It bolls at 31 , near the freezing point 
of water. It is added to gasoline in the winter, because it turns into a vapor 
so easily. This makes for good starting. djj—CHa— Clfc— CHa 



Isomers and branched chains . The four carbon atoms in butane 
can be arranged into a slightly different chain, with one carbon 
atom branching off from another. This gives a substance called 
Isobutane. Such a variation of a compound is called an isomer. 
Two Isomers of a compound may be quite different, even though 
their general formulas are the same (in this case, . 



Branched-chaln Isomers are valuable in 
gasoline because they "knock" much less in 
an engine than straight-chain types. 
N-heptane, for example, knocks very badly. 



CH8-CH— CHi 



H H H H H H 

I I I i I I 

H — c — c — c — c — c — c- 

I I I I I I 

H H H H H H 



CHs 



H 



H 



•H 



n -HEPTANE (C^Hjg) 



Trlptane, an Isomer with the same 
number of carbon and hydrogen atoms, knocks 
very little. 

All the hydrocarbons we have studied 
so far are part of the paraffin family. 



H H-C-HH-C-H H 

till 

H C C C C H 

I I I I 

H H-C-H H H 

I 

H 



Ring compounds . Another kind of carbon 
skeleton is shown In the naphthenes , such 
as cyclohexane. It behaves like an open- 
chain or paraffin compound in most ways. 



i 



TRIPTANE (C^Hjg) 

V” 




CYCLOHEXANE (CgHjg) 
NAPHTHENE 
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Unsaturated hydrocarbons , like 2-heptene, have 
two bonds between a pair of carbon atoms . The 
carbon atoms are not combined with as many hydrogen 
atoms as possible--hence the term "unsaturated” . 
They make up the olefin family (sometimes called 
the ethylene family). Most gasolines contain 
this kind of compound also. As we shall see 
further on, they tend to form gum and sludges 
in the engine. 

Aromatic hydrocarbons , like benzene, have a 
ring structure and fewer hydrogen atoms than the 
others. They have high antiknock value but tend 
to form carbon in an engine* Toluene and xylene 
are aromatic solvents used in painting. 



H — C — 



h) H 

I 

C— C 



H H H 



I I I I I 1 



C — C — C — C — H 



H 



C — C 

I I 

H H 



2-HEPTENE 



H 

/V „ 

H— C C— H 



H-C C~H 

A 



H 



BENZENE (CgHg) 
AROMATIC 

Hydrocarbons as gases , liquids , solids . There is significant relation- 
ship between the number of carbon atoms and the physical state of the 
hydrocarbon compound. As the number of carbon and hydrogen atoms in 
hydrocarbons increases, their boiling points increase. 

Molecules with one to four carbon atoms are gases at normal temperatures 
and pressures. Those with five carbon atoms (pentane, C H,2» which boils 
at 97°F.) and more are usually liquids. Finally, those ffiolecules with 18 
or more carbon atoms are usually semlsollds and solids* This rule applies 
generally whether the hydrocarbons are paraffin or olefin, straight-or 
branch -chain. 
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EXPERIMENT 5o BOILING RANGE OF PETROLEUM FRACTIONS 



Petroleum, or crude oil, is distilled into parts (or fractio ns) of 
various boiling ranges t gasoline, naphtha, kerosene, heavy fuel oil, 
lubricating oil, and so forth. In the distilling process, the boiling 
ranges are chosen so as to give the desired evaporation, fast or slow, 
needed in the product, (Remember that boiling is just a special kind’ 
of vaporization.) 

Gasoline is a product that has to begin vaporizing very easily so it 
will ignite even when cold. Naphtha (a solvent used for dry cleaning 
and for thinning paints) must not vaporize enough at room temperature 
to form an explosive mixture; on the other hand it must evaporate 
completely in a reasonable time. Kerosene, for safety reasons, must 
vaporize enough to catch fire only when heated quite warm. 

1^ this experiment your class will distill these three fractions. 

MATERIALS ; Gasoline, kerosene, naphtha, 125 ml. Erlenmeyer flask, 
stoppers, 75° glass bend, condenser, 50 ml. graduated cylinder, 600°F. 
thermometer, hot plate, 2 ring stands, clamps, water hose. 

PROCEDURE ;• 

1. In your notebook prepare a table like this, allowing for all three 
materials; 



Sample 


Time 


Temp., ^F, 


Vol., ml. 


Vol. 7o 1 Remarks 




— - 




0 


0 










IBP 


0 






. 




10 


20 










20 


40 










30 


^ 60 










40 


80 





2. Assemble the apparatus as shown. 

Be sure It Is straight and firm. 

Tighten all clamps gently. Your 
Instructor will help you. Do not 
use stronger force than three 
fingers on any glass connection, 
as the glass may break and cut you. 

3. When the apparatus Is all to- 
gether and checked by your Instructor, 
measure 50 ml. of the liquid to be 
tested. Open the flask and pour It 
In. Then replace the stopper with 
the thermometer and reconnect the 
condenser. Run water through the 
condenser. In at the bottom and out 
at the top. Keep the water running— 
a slow trickle Is enough. 

tynrking with gaacltne^ have no flamea around. 

Turn the hot plate on under the flask, recording the time you do this. 

The liquid will boll, forcing vapors Into the condenser. When the first drop 
falls Into the graduate, record the temperature In the IBP (Initial boiling 
point) line of the data table, as well as the time. Continue heating so the 
distillation gives about two drops per second. Record time and temperature 
when you have 10, 20, 30, and 40 mis. Then turn off the heat. 

4. Compare the distillation ranges for the three petroleum fractions. 

5. Optional ; Distill water, ethyl alcohol, and water-alcohol mixtures. 
CONCLUSIONS ! 

1. Which figures In the data table show hot^ flammable a petroleum fraction 
will be? 

2. How will a liquid distill which Is made so It will evaporate easily 
and completely? 
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3. GASES 






4 



1 






The states of matter. Matter exists in three states: gas , liquid , and 
solid, A substance that has no particular shape or volume is called a gas . 

Air is a typical gas. The same air can be pumped from a square room 
into a cylindrical tank, and from it into a doughnut- shaped tire. It has 
no special shape, A large volume in the room becomes a smaller volume in 
the tank when it is compressed . It fills whatever container it is in. 



Air is our most important gas. We need 
it for our bodies; cars use it to burn fuel 
for power. It is light, but it does have 
weight. Our earth is surrounded by a layer 
of air. Just over the one square foot on 
which you may be standing, there is about a 
ton of air. At the surface, it is compressed 
by the weight of air above it. At higher 
altitudes there is less air, and the pressure 
is lower. When you go up a high mountain, 
both you and your car suffer from the low air 
pressure. 

At sea level, the pressure of the atmos- 
phere is about 15 pounds per square inch of 
surface. 

Air is a mixture of molecules, mostly 
of nitrogen and oxygen, but with some carbon 
dioxide, water, and other materials also. 

The atoms within each molecule are held to- 
gether by strong bonds, but a molecule of 
nitrogen or oxygen is not strongly attracted to 



Illustration of tho air surrounding tho oarth. 
Tho hoight is oxaggoratod to bring out tho docroaso 
in density with ahitudo. (If drawn to sealo, tho earth's 
atmes|ihsrs would form a layer much thinner than the 
line shewn here representing the earth's surface.) 




atmosph§n 



Fig, 2-12 
other molecules. 



Motion of atoms in gases . If a cup of 
water is boiled and turned into steam, it 
will take up about 50 gallons of space. 
Obviously the molecules of steam, which is 
water in gas form, must have a good deal of 
empty space between them. 

If you open a gas burner, you can smell 
the gas yards away in a short time. The 
molecules of gas are in rapid and continuous 
motion. Their speed in ordinary air is 
around % of a mile a second. However, they 
travel short distances before hitting other 
molecules or the walls of the container; on 
the average, an air molecule has 5 million 
collisions per second. The molecules hitting 
the wall of the container give what we call 
pressure . Molecular collisions do not 
usually lead to a change in a molecule's 
structure or energy. 




Molecules of a gas are widely 
separated and move rapidly. 
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Fig. 2-13 



Pressure of a gas can be very useful. It keeps tires Inflated, giving 
a smooth ride over bumps. It leads to flow from points of high pressure 
to where It Is lower, as In the fuel system of the car. In operating a 
floor lift, or In a paint sprayer. Pressure of air and other gases can be 
measured with a simple open manometer (Fig. 2-14) or a Bourdon gauge 
(Fig. 2-15). 



The pressure 
is measured 
by the height 
of the mercury 
column AS 





The Bourdon pressure gauge. The 
internal mechanism is shown at the right. 



Fig. 2-15 



An open manometer is used to 
•measure pressure. 



Fig. 2-14 



The average energy of motion, or kinetic energy of the molecules in a 
gas, is what we call its temperature . If the gas is heated up, its 
molecules speed up and have more energy. 

Temperature changes volume (Charles* Law). If a gas is heated, its 
pressure or volume go up in proportion. On the power stroke of an engine, 
for instance, the burning of the gasoline --air mixture produces a great 
amount of heat. As the temperature of the gas mixture shoots up, its 
pressure does the same. This great rise in pressure pushes on the piston 
and delivers power. As the piston goes down, the pressure drops but the 
volume of the gas increases. 

These changes are described by the following equation for Charles' Law: 






In using this formula, temperature must be put on an absolute scale. 
Add 492° to the Fahrenheit temperature or 273° to the Centigrade tempera- 
ture to convert to an absolute basis. 



The temperature of a gas changes when ius pressure changes. For 
example, compressing air will heat it. In diesel engines the 20:1 compression 
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Comprtsslon Fowtr 



Intake 



Exhaust 







Cor- 

burttor 




The Four Strokes of a Gasoline Engine • (A) Intake; (5) compression; 

(C) power; (D) exhaust 

I mil I I I 

Fig. 2-16 

heats the air so much that, when fuel is injected into it, no spark 
is needed for ignition. 

Pressure changes volume (Boyle *s Law). 

If you have ever worked a tire pump, as 
\ in Fig. 2-17, you know that you force the 
air into a small space to increase its 
pressure. Suppose you had 50 cubic inches 
of air in the pump to begin with, at the 
ordinary pressure of 15 pounds per square 
inch (psi) . Then, with the piston halfway 
down, you would have only half the volume, 
or 25 cubic inches. But the pressure 
would be double, or 30 psi, if no air got 
out. The equation which shows how the 
pressure and volume of a given amount of 
gas are related is 

PjxV^ = P23^V2 

In this equation P stands for pressure and 
V stands for volume. The numbers after 

and below the letters tell whether we are The density of the air is doubled by dou- 

talking about the first measurement (at bling the pressure and compressing the air 

the beginning) or the second (at the end) . to one-half the original volume. 

Fig. 2-17 
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During the compression stroke of an 
internal combustion engine, the volume 
of the air- fuel mixture goes down and 
its pressure goes up as the piston moves 
from bottom dead center to top dead cen- 
ter. The ratio of these volumes is 
called the compression ratio . Fig. 2-18 
shows how an engine with a compression 
ratio of 8 to 1 compresses 80 cubic 
inches of air -fuel mixture into 10 cubic 
inches. 




Fig. 2-19 



Pressure and velocity (Bernoulli's 
Law). When a portion of a gas or liquid 
is set in motion, its pressure decreases, 
and the faster the motion, the lower the 
pressure. 




Fig. 2-18 



High compression ratios give 
higher pressures on the power stroke, 
leading to more power and miles per 
gallon. 




Preuure 
lower here 



Hi|her 

pressure 



High 



As the water flows more rapidly 
through the narrow portion of the tube, the 
pressure is lowered. 



Fig. 2-20 

Unlike the scientific laws mentioned 

above, this law seems to contradict common sense. But it can be shown to 
be true by using a venturi tube with water flowing through it. as shown 
in Fig. 2-20. 



i 
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OUTSIDE 

AIR 



CARBURETOR 

THROAT 



FUEL VAPOR 
AND AIR TO 
CYLINDER 




Fig. 2-21 



i 






Fig. 2-21 shows how this law works in the carburetor of a car. First, 
as the pistons go down in the cylinders, they draw air through the 
carburetor. The carburetor has a throat , or narrow place (a venturi tube). 
As the air goes through here, it has to speed up. Since the air has to 
move faster, a low-pressure spot is created, according to Bernoulli's Law. 
This partial vacuum draws gasoline through the tiny carburetor jet. The 
faster the engine goes, the more suction at the jet, and the more gasoline 
is drawn into the engine. 



Small spray guns used in paint shops also work 
on Bernoulli's principle. Air goes through a narrow 
passage. It speeds up at the narrow place, creating 
enough vacuum to pull paint up from the can through 
the fluid nozzle. This type of gun is called a 
suction feed gun . 




The lifting power of an airplane wing is due 
to the airfoil shape, that is, curved on top 
and flat on the bottom. Air passing over the 
wing has to go faster than air passing under- 
neath. This decreases the pressure on the top, 
and the greater pressure below lifts the plane. 

Force and pressure . Force is a push or 
pull; it tends to cause motion. Pressure is 
the force on a unit of area, usually the 
number of pounds on one square inch (psi). 

The relationship between them is shown by the 
equation 



Fig. 2-22 



Air pressure 
is less here 




The movement of air over the 
wing produces a difference in pressure be- 
tween the upper and lower surfaces. 



Fig. 2-23 



P = ^ or 

IT 



F = PxA 
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This equation applies to gases and also to liquids. As an example, 
suppose a 4000-pound car touches the ground with 40 square Inches of 
tire surface on each wheel. As each wheel puts 1000 pounds of force 
to the ground (one -fourth of the weight of the car) the pressure on the 
ground under each tire must be 

1000 = 25 psl. 

40 

Therefore, the pressure within each tire must also be 25 psl If the tire 
Is not to flatten. 
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EXPERIMENT 6. COMPRESSION OF A GAS 



f 



At sea level, the air above the earth presses down upon everything with 
a pressure of about 15 pounds per square inch. This is enough to support 
a column of mercury (in a tube) 76 cm. high. 



When pressure is put on a gas it is squeezed 
smaller--its volume becomes less. The aim of this 
experiment is to see how the amount of volume changes 
with the amount of pressure. 

You will use apparatus like the one shown in the 
picture. The gas you will work with is air, trapped 
in a tube by some mercury. The pressure will come 
from the mercury in the glass tube, and you will be 
able to change the pressure at will. Pressure will 
be measured directly, as height in centimeters of 
mercury. The volume of gas will be proportional to 
the length of the trapped air in the tube, and will 
be measured in centimeters also. (Of course you 
realize this is not the actual volume; that would be 
calculated from the length times the cross-sectional 
area of the tube.) 

Keep in mind that the total pressure on the 
trapped gas Is the mercury pressure plus that of the 
atmosphere on top of the mercury. This is about 
76 cm. all the time, or can be read more exactly 
from a barometer. 

MATERIALS ; Boyle's Law apparatus, metric ruler. 
PROCEDURE ; 

1. Prepare a page in your notebook for recording 
data. Use a table like this: 




Test Number 


1 


2 


3 


4 


5 


V (length of air section) 












Mercury height difference, cm. 












Atmospheric pressure, cm. Hg 












P, total pressure, cm. Hg 












P X V 
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2,, Obtain the apparatus from your instructor C AUTION . Do not take 
mercury out of it Mercury is not a coy to play with; if spilled, it 
gives off vapors that are gradually poisonous if breached over a long 
time. It also ruins metal objects such as gold rings, coins, etc. 

3. Open the stopcock and adjust the tubes so the mercury comes up to 
about the middle of both Close the stopcock Test it by raising the 
open tube several inches and leaving it at the new height,- The mercury 
should cake a new position and stay; if it slowly drifts down and be- 
comes equal in the two tubes, the apparatus leaks and your instructor 
should check it. 

4. When the apparatus checks out tight, adjust it back so the mercury 
is at the same height in both tubes 

5. Measure the length of the air section, from the stopcock to Che top 
of the mercury Use the metric (centimeter)scale of your ruler. 

Record this length as V in the first column of your table 

6 . Write a zero (.0) for the mercury height difference, as the mercury 
is the same height in both tubes 

7- Record the barometric pressure in cm. of mercury. If there is a 
barometer in the room, read it; otherwise, use 76 cm 

8- Add up the two pressures. This sum is P in the first column, 

9 Multiply V times P and record the product in the last line. 

10c Change the height of one of the tubes on the apparatus Take a 
new set of readings If the mercury in the open tube is higher than 
in the close one, the difference is to be added to atmospheric; if 
it is lower, subtract tne difference. Measure the length of the 
trapped air and do the calculations as in the first test. 

11, Repeat the test at five or six different positions, covering 
total pressures from 60 cm- to 90 cm of mercury, When all the 
calculations are finished, show the results to your instructorc 

CONCLUSIONS . 

Ic. What happens to the volume of a gas when the pressure is decreased? 

2, What formula shows how the pressure and volume of a certain quantity 
of a gas are related as one or the other changes? 

3o When a truck is loaded up, what happens to the volume of air in the 
tires? 

4, Why is it hard to crank a good engine? 
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experiment 7. EFFECT OF HEAT ON A GAS 



t 






# 

1 



or bMh" f *** heated, its pressure or its volume— 
“°***"i"crease; if it is cooled, they decrease 

« gas 

you collect. ^ absolute zero from the data 

^lERIAlS ; Air thermometer (Charles' Law apparatus! 
complete with mercury, glass marker, Fahrenheit ^ 

^°°° beaker, heavy 
gas burner ring, water, ice if possibll^ 

iiuiTi zi^: 

PROCEDURE : 

? P®8® notebook with a data 

table like the one shown here, on this pag^ 

metal'’beaL^’*Ld*’“?i®® ' ®PP"®bus, thermometer, 

CAltTTOH? n ^ materials listed above. 

with IplU^r’^ "**® «PP«atus 

lo that tL"*® ®PP®”bus and adjust the open tube 

n-thVci-ei rto^" -- r • 





the ataosph^L^pre^sureTs^o™”^ barome?er'(or'*rf1f ' 

use 76 Cm,), Record these fisures in Hio -p* ♦. i * there is none, 

table Pn^ ,inrT« n ^ II the first column of your data 

taoie. Put down 0 for "pressure difference", ^ 
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5. Support the metal beaker around the glass bulb of the apparatus,, Fill 
it with ice water or cold water to cover the bulb. What happens to the 
mercury levels? 

6o Move the open tube up or down until the mercury in the closed tube is 
back on the mark you made. With a metric ruler measure the difference in 
mercury heights. If it is higher in the open tube, the difference is 
positive (+) ; if lower in the open tube, it is negative (-) . Record the 
pressure with its sign. Find the total pressure by adding to, or subtracting 
from, atmospheric. 

7o Measure and record the water temperature. 

8o Change the temperature of the air in the bulb by heating the water in 
the metal beaker. Stop heating when it has changed about 20 or 30°F. and 
take a reading of the pressure difference. Record temperature and pressure 
difference. Take a series of temperature-pressure readings until the water 
is at the boiling point, recording the figures each time. Compute the 
total pressure for each temperature reading. 

9. Prepare a piece of graph paper like the sample. Your instructor will 
show you how to graph your data. 

10. When you have made your graph, extend it with a ruler to find the tem- 
perature at which the gas would have no pressure (0 cm.). This is called 
absolute zero temperature. 

CONCLUSIONS : 

1. Is the change in pressure proportional to the change in (Fahrenheit) 
temperature? 

2. If not, then what is it related to? 

3. What do we mean by absolute zero? 
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4. LIQUIDS 



What are liquids ? Substances which have a definite volume but no parti- 
cular shape are called liquids . Water, oil, and gasoline are typical liquids. 

Liquids flow under pressure but they can not be 'ompressed. Compared 
to gases, they are much heavier. 

Pressur e in liquids (Pascal's Law). Have you ever wondered why it is so 
easy to stop a car weighing thousands of pounds with only the lightest 
pressure on the brake pedal? The principle involved is quite simple: 



Liquids transmit pressure equally 
in all directions. 



Thus a force of two pounds on a small 
piston one square inch in area (see Fig. 2-24) 
gives a pressure of 2 psi in the whole system. 
When it pushes on 100 square inches of the 
large piston. 

Force = Pressure x Area 
a force of 2 x 100 » 200 pounds is available. 




Pascal's hydraulic press. The force 
on the larger piston q^^ceeds the force on the 
smaller one. 



In a hydraulic brake system, pushing on 
the pedal forces the piston in the master 
cylinder against the brake fluid. The pres- 
sure is carried by metal tubes or brake 
lines to all four wheel cylinders. Here 

small pistons are pushed out by the pressure, forcing the shoes against the 
drums; only then is pressure in the whole system equal. 



Fig. 2-24 




In a hydraulic lift the pressure on the oil 
comes from compressed air. 




Fig, 2-27 




— p = ^ Ib/in. 



Fig. 2-26 

Molecules in a liquid . The properties 
of liquids are due to the kinds of molecules 
they have. In general, the molecules are 
packed in close to each other about as tight 
as they can get, but in an uneven way. 
Liquids are weak materials, and this is due 
fn *-he kinds of bonds between the molecules. 




Fig. 2-28 



Bonds of a strong electrical 
difference, ionic or polar bonds, 
are powerful and work over long 
distances. Salt, an ionic com- 
pound can also be heated red hot. 



Thinking back over the various kinds of 
bonds that attract atoms to each other to 
form molecules, the covalent bond, formed 
by sharing electrons in order to complete 
shells, is very strong. For example: rocks 

can be heated red hot without the molecules 




Fig. 2-29 
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This leaves compounds having only covalent 
bonds, such as the hydrocarbons In gasoline and 
oll.^ Within their molecules the valence bonds 
holding the atoms together may be quite strong, 
but have no electric fields around them except 
what Is made by the movement of the tiny elec- 
trons In their orbits. The attraction of one 
molecule for another Is weak and works over a 
short range. It Is enough to hold the molecules 
together, but not to lock them rigidly solid. 




Fig. 2-30 

The molecules of a liquid like those of a gas, are In constant motion. 
A drop of Ink, placed gently In a glass of water, will soon have the water 
colored all over, as the water molecules bump Into the Ink and push It In 
all directions. The molecules In a liquid are In continual motion. At 
any time, some move faster than others. 

The commonest and most Important 
liquid Is water. In a water molecule, 
the oxygen atom has two electron pairs 
that are not shared with hydrogen. 

They make one end more negative than 
the other. The water molecule there- 
fore has a slightly positive end or 
pole near the hydrogen atoms, and a 
slightly negative pole at the oxygen 
end. Because of this electrical dif- 
ference It Is a polar compound. 

Electrical attraction between 
oppositely charged poles of water mole* 
cules holds them together. 

In fact, a hydrogen atom on one molecule tends to use an unshared 
electron pair on the next molecule as Its electron shell. This ability 
of a hydrogen atom to hold two molecules together by attracting electron 
pairs on two molecules Is called the hydrogen bond . 

Freezing. In a liquid, the weak electrical poles on molecules tend 
to hold one to the next. The motion they have, proportional to tempera- 
ture, keeps them from hooking to each other strongly. When they are 
cooled, the motion slows down. If they slow down until the motion Is 
less than the electrical attraction, the molecules will freeze to one 
another, turning the liquid Into a solid. 
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Ic* crystals arc formed by molecules of water Joined by hydrogen bonds. Here the space 
between molecules is exaggerated to show how each hydrogen In each molecule is joined to an oxygen 
in a neighboring molecule. 




Fig. 2-32 

Strong polar T 'rces cause “'ater molecules to freeze into six-sided 
crystals. 

Molecules which are nonpolar, such as the hydrocarbons, do not freeze 
easily. Gasoline, for example, does not freeze even at the North Pole. 
But some hydrocarbon molecules with long, straight chains such as are 
found in lubricating oils, have so many weak attractions that they turn 
solid. Such hydrocarbons are called waxes . (See Fig. 2-33) 




Fig. 2-33 



If a large hydrocarbon molecule has even one small projection or 
bend in it, as in Figs. 2-34 and 2-35, it will not come close to the next 
one at enough places to freeze, as the weak attractions will not be lined 
up perfectly. 



o 
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Fig. 2-34 




Fig. 2-35 

If the oil in an engine turned solid iti the cold, it would be im- 
possible to turn the engine over and start it. For this reason, oils are 
refined by a dewaxing process . in which the oil is chilled and the wax 
filtered out. The temperature at which an oil turns solid is its Pour 
ooint. In cold weather, oils of low pour point are needed. The hydro- 
carbons in such oils have a branch or ring structure at some point. 

Just as the motor oil of a car must 
remain liquid for operation at low tem- 
peratures, the liquid in the cooling sys- 
tem cannot be allowed to freeze, either. 

The usual liquid, water, is not only 
useless as a coolant when it cannot 
circulate, but it expands in freezing, as 
can be shown by experiment (Fig. 2-36). 

To keep the coolant liquid and pre- 
vent damage to the engine, antifreeze 
chemicals are added. These are compounds 
whose molecules get between the water 
molecules, keeping them away from each 
other so they can't freeze. 

The common antifreeze compounds are alcohols, which can be thought of 
as hydrocarbons with a hydroxyl (OH) group in place of one or more hydrogen 

atoms. 



Whan tha wotar iniida tha bomb fraazai, tha 
axponaion bunts tha cost-iron walls. 




Fig. 2-36 
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The OH group in these molecules is attracted to water molecules by 
hydrogen bonds. The ordinary alcohols boil off at temperatures well below 
the boiling point of water and can be lost by evaporation, leaving the 
engine unprotected against freezing. Ethylene glycol has two OH groups. 
They form so many hydrogen bonds that its boiling point is higher than 
that of water, making it a "permanent" antifreeze. 



Viscosity . A liquid has the ability 
to flow. This is often the most important 
thing about it. The key to cooling the auto- 
mobile engine, for example, is water cir- 
culating (flowing) between the block and the 
radiator (Fig. 2-37). 

In the cooling system the liquid should 
flow as easily as possible. 





Fig. 2-38 



In a bearing, on the other hand, the 
oil film between the two metal surfaces 
is what keeps them from wearing. The 
oil must not flow too easily; it must be 
viscous , that is, have a certain "body," 
or viscosity . 

A simple way to measure viscosity is 
to see how long it takes a given amount of 
oil to run out of a certain size hole. 

This can be done in equipment like that 
shown in Fig* 2-39. 



RADIATOR 




Fig. 2-37 




Fig. 2-39 
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The viscosity of lubricating oils 
is rated by SAE numbers. 

Viscosity is caused by the attrac- 
tions between molecules. Just how 
viscous a liquid will be is mainly a 
matter of: 

Size of molecule t ntimber of 
points of attraction . Gasoline is 
like lubricating oil, but it is less 
viscous because the molecule is smaller 

2. Strength of the molecular 
forces . In nonpolar hydrocarbon mole- 
cules, these are weak. Polar molecules 
containing oxygen, and particularly 
OH groups, have strong bonds. For 
example, glycols, paving two OH groups, 
are more viscous than ordinary alcohols 
with one; castor oil, with an OH group, 
without one. 



SAE vKClsrry oassification 





ViiewHy laufjc, Siybolf Uihrtrul SkmAs 


SAE 

VIwmHv 


Atl*F 


At 2tO*F 


NaniMr 


NIsImmi 


Naxlmm 


NiiimiM 


Naxlimii 


5W 


— 


4,000 




— - 


low 


6,000 


12,000 


— 


— 


20W 


12,000 


48,000 


— 


— 


20 


— 


— 


45 


58 


30 


— 


— 


58 


70 


40 


— 


— 


70 


85 


50 


— 


— 


85 


no 



Table 2 

is more viscous than similar oils 



3. Shape of the molecule . Thin molecules slide about more easily than 
wide ones. Lubricating oils of the paraffinic type (Fig. 2-34) have open 
or branched chains; naphthenic ones (Fig. 2-35) have ring structures. For 
a given number of carbon atoms, the ring types give higher viscosity. 



Temperature . Keep in mind that temperature is a way of telling about 
the speed of molecules. The higher the temperature, the faster they are 
moving in all directions, and the easier it is to move them where you 
want them. 



Motor oils have to be fluid when 
an engine is cold, so It can turn 
over easily and so the oil will get 
to the bearings. Then, when the 
engine is hot, the oil must not be 
too thin, or it will run out of the 
bearings like water. 

How much the viscosity of an 
oil changes as it is heated is 
shown by its viscosity index , or 
VI. Fig. 2-40 shows how different 
oils which all meet the SAE 101^ 
specification of about ^000 seconds 
at 0°F. may have viscosities of 38 
to 58 seconds at 210®. They would 
all give reasonably easy starting 
in the cold, but the 0 VI oil with 
its 38-second viscosity would be too 
thin for protection in a hot 
engine. As you see from Table 3, 
manufacturers favor oils of the 
multigrade type, such as 10W*-30. 
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Fig. 2-40 



COMPOSITE OF CAR HANUFAQURERS' RECOMMENDATIONS 


Nininum 
Air Tim* 
piraIttrM 


SAE VISCOSITY NUMBER 


30 


20 


20W 


low 


5W 


20W* 

40 


low* 

30 


low* 

20 


5W* 

20 


32°F 


X 


X 


X 






X 


X 


X 




10°F 






X 


X 




X 


X 


X 




0°F 








X 






X 


X 


X 


-10°F 








X 


X 




X 


X 


X 


below 

-10°F 










X 








X 



Table 2 
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Fig. 2-41 



In past years the best oils had to be made from Pennsylvania crudes. 
They has a VI of about 100. Today oils from many fields are improved by 
chemical additives. VI improvement can be made in any oil by adding a 
chemical that keeps it from thinning out under heat. 



Viscosity is important in other places in a car, as well as in lubri- 
cation. For example, the actioi' of a shock absorber comes from forcing 
oil up and down through a tiny orifice or hole. 

Demonstration of the spheroidal stot*. 



Cohesion and Surface Tension . Attid''- 
tions between molecules of the same kind 
make them hold together--this is called 
cohesion . Fig. 2-42 shows how cohesion 
makes oil form into spherical (round) drops 
when it floats between alcohol and water. 

The forces between molecules are 
balanced within a liquid but not on its 
surface. At the surface the pull is 
sidewards and toward the inside; this 
produces a condition called surface tension -- 
almost as if the surface molecules formed 
a sort of skin over the liquid. At some 
time you have probably filled a cup or 
spoon with a liquid up above the rim. It 
was this surface tension that prevented 
the liquid from overflowing. 




Fig. 2-42 




The unbalanced downward force 
on molecules near the surface of a liquid 
causes surface tension. 

Fig. 2-43 
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There are two main types of liquids, from a molecular point of view- 
polar and nonpolar. Water and alcohols are polar liquids, and the 
hydrocarbons, such as oil and gasoline, are nonpolar. No one has to be 
reminded that these two types do not mix. 

Wetting . When a solid surface is touched by liquid of a similar 
type (for example — glass by water), the molecules of the liquid are 
attracted to the molecules of the solid. The liquid therefore has no 
surface tension where it touches, so it can spread out, and we say the 
surface is wet . In the case of glass, water wets clean glass because the 
surface of the glass includes oxygen atoms, to which the water is 
attracted. 

Fig. 2-44 shows how water creeps 
into narrow spaces between surfaces 
that it wets. This is called capil- 
lary attraction or capillarity . 

Capillarity explains the action of d 
towel or sponge in drawing up water. 

But if you put water on a waxed sur- 
face, it is not attracted to the non- 
polar coating, and it stands in drops 
rather than wetting the surface. 

Water cannot go through small holes if 
it does not wet the material. 




Fig. 2-44 



A Plastic Strainer Floats on 
Water • Surface films keep (vater from 
entering 





Fig. 2-46 



Vaporization . If the molecules in a beaker of water could be 
magnified enough to be visible, we would see them travel in all direc- 
tions--some fast, some slow, some moving fast enough to escape through 
the surface or evaporate. 



The tendency of a liquid to vaporize (evaporate) is called its 
volatility and is measured as its vapor pressure . Vapor pressure in- 
creases as the temperature increases. 
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When a liquid is heated to the point where its 
equal to atmospheric pressure, it boils. 



vapor pressure is 



The vapor pressure of a gasoline at low 
temperatures must be high enough to form an 
explosive vapor— mixture in the cylinders. 

For easy starting, winter grades of gasoline 
have butane added to them. It boils at 31°F. 

The vapor pressure of a gasoline is 
measured by putting some in a bomb (Fig. 2-47) 
at an exact temperature, and then reading the 
pressure on the gauge. ® 

While a good vapor pressure is needed, 
it must not be so high that the gasoline 
will boil when the engine gets hot. As 
shown in Fig. 2-48, when gasoline boils in 
the fuel pump, it sends only vapors to the 
carburetor; the engine starves for gas and 
dies. This condition, when the carburetor 
is filled with vapors, is called vapor lock . 




VAPOR PRESSURE TEST BOMB 



Fig. 2-47 



I 




Fig. 2-48 



The vapor pressure of water and alcohols 
also be controlled to keep them from boiling 
the system. (See Fig. 2-49). 



in the cooling system must 
away. This is done by closing 
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(A) (B) 



Evaporation • (A) Water 
molecules break through the water film 
and escape. (B) In a closed vessel the 
vapor molecules accumulate till they 
condense and evaporate at the same rate. 

Then the space is saturated 




Radiator pressure cap. 



Fig. 2-49 



Fig. 2-50 



Modern radiator caps (Fig. 2-50) are built to keep the system closed, but 
have a spring which opens them when the pressure gets too high. 



Even motor oils have a vapor pressure. It is normally very low, but on 
the hot cylinder wall (Fig. 2-51) when an engine is running, the vapor 
pressure of some oils is quite high. Evaporation takes place; the exhaust 
shows white smoke; and the gases which blow by the rings carry oil vapors 
out the breather pipe. 





Schematic showing crankcase ventilation and 
biow'by gases. 



Fig. 2-51 



Fig. 2-52 



Evaporative cooling . When a liquid vaporizes, the fastest-moving mole- 
cules escape and leave the slower ones behind. As a result, the material 
that is left will be colder. You have felt this cooling effect of evaporation 
(of sweat) when you felt chilled as the wind blew on your skin. 




In the automobile carburetor, the 
cooling effect may be so great that the 
gasoline is cooled below 32°F, This can 
lead to icing — the freezing of tiny 
drops of water in the carburetor jets 
(Fig. 2-53). 

Condensation . We see from 
Fig. 2-54 how much vapor pressure 
liquids can develop at various temper- 
atures. (The chart gives temperatures 
in centigrade degrees, and pressures 
in millimeters of mercury. Normal 
atmosphere pressure corresponds to 760mm.) 




Fig. 2-53 




Temperature- 



Warm air can hold a lot 
of water vapor. But when it 
is cooled, the vapor pressure 
of water drops. At the dew 
point , the temperature at 
which the air can no longer 
hold the amount of water vapor 
it has, the water vapor must 
condense out as liquid water. 

Water from your breath 
condenses to fog or frost on 
a cold windshield; we get rid 
of it with lots of warm air, 
which can hold the water vapor 
easily. Water vapor, produced 
during the burning of gasoline, 
condenses in the crankcase, 
and so does part of the gaso- 
line that is fed into the 



Fig. 2-54 

engine. 

The effects of these materials in forming sludge and varnish deposits and 
in corroding the engine are discussed under Oxidation of Hydrocarbons. 



When paint is sprayed, it cools down. On humid days it may cool 
below the dew point and collect water on the paint either during or just 
after the spraying. This water dissolves in the solvent and ruins its 
ability to dissolve the organic binder. The paint bodies clump, giving 
the finish a milky or dull blush. To avoid blushing, the painter avoids 
spraying on humid or- rainy days, uses high-grade thinners, uses a retarder, 
and reduces the air pressure to his spray gun. 



